34 samples of cord blood (I B/T = 11.2 + 3.8) showed statistically significant differences when compared to adult erythrocytes (% B/ Thirty-four cord bloods were collected during routine deliveries T = 6.6 1.7). Preterm erythrocytes (% B/T = 14.7 + 3.4) bound on the University of Arkansas for Medical Sciences Obstetrics significantly more insulin when compared to term erythrocytes Service. The gestational ages ranged from 33-42 wk as ascertained (5% B/T = 10.1 + 3.2). The negative correlation (r = -0.613; P = by Dubowitz scoring (3). The type of delivery (vaginal vs. Caesa-0.001) between insulin binding and gestational age indicates that rean section), head circumference, weight, and length were rethe trend during the final trimester of gestation is toward the corded for each subject. Fifteen healthy, fasting adults whose ages lower binding observed for adult cells. ranged from 25-45 yr donated blood for comparative studies.
differences in both affinity and number of sites per cell in preterm Porcine insulin (Eli Lilly Company) was iodinated to a specific as compared to term and adult erythrocytes.
activity of 125-150 pCi/pg by the stepwise addition of Chloramine-T (4, 15) . Purified '251-insulin was separated from the iodination mixture by chromatography on Sephadex G-50 and frozen at Speculation -20°C. An aliquot of 1251-insulin was repurified chromatograph-
The mechanisms governing insulin release from the pancreas ically before each assay.
are not mature in utero. Insulin released directly into the circulation from the fetal pancreas may be bound to tissue receptors in PREPARATION OF CELLS relation to the affinity and concentration of specific surface recep tors, thereby, providing direct control at the cellular level for Whole blood samples (5-10 ml) were collected in EDTA tubes rapidly growing fetal tissues. Erythrocyte receptors may serve to and refrigerated for no longer than 3 days before assay. The transport insulin for this purpose.
hematocrit was determined for each sample. After centrifugation, each serum was frozen and assayed for insulin at a later date. The red cells were diluted 1:l with saline, layered on isolymph (8 ml Fetal growth and development is influenced by the quantitative RBC:3 ml isolymph: Gallard-Schlesinger Chemical Mfg. Corp), presence of insulin as evidenced by fetal overgrowth in hyperin-and centrifuged for 20 min, 400 x g at 20°C. The gradient step sulinemia and growth retardation in the absence of insulin (8) . was repeated with red cells which passed through the first isoInsulin has been detected in fetal pancreatic islets 12 wk after lymph gradient. The red cells were washed 1:2 with assay buffer conception (9) , and the extractable pancreatic insulin exhibits a (see Binding Studies) and diluted in buffer to a concentration of progressive rise during gestation (12, 17) . Serum insulin levels in 3.75 x lo9 cells/ml as determined by hemocytometer count.
newborns are increased compared to normal adult values (12) ; however, in contrast to pancreatic insulin, serum insulin concen-BINDING STUDIES tration does not correlate with gestational age (9) . The insulin receptor on mononuclear leucocytes from term cord blood exhibits 1.5 x lo9 cells were incubated in 16 X 100 mm polystyrene test a higher affinity for insulin and has more sites per cell than tubes in a shaking water bath for 150 min with 0.2 ng/ml ' "1-receptors from adult mononuclear leucocytes (1 8). Little infor-insulin and increasing concentrations of unlabeled insulin at 15°C mation is available concerning the ontogeny of the receptor for in a total final volume of 0.5 ml of assay buffer [tris-(hydroxyinsulin through which the direct action of the hormone is medi-methyl) methylamine, 50 mM; 4-(2-hydroxyethy1)-1-piperazineated. The following study provides an assessment of the ontogeny ethanesulfonic acid, 50 mM; MgC12.6H20, 10 mM; CaCL 10 of insulin receptors utilizing cord blood erythrocytes. The binding mM; ethylenediaminetetracetic acid, 2 mM, dextrose, 10 mM; of insulin to erythrocytes was first reported in 1954 (7), but has NaCl, 50 mM; and KCI, 5 mM; 0.1% BSA], pH 8.0. The osmolarity been investigated infrequently until recent improvements in meth-of the buffer was determined to be 284 mOsm/kg. After incubaodology reduced the high nonspecific binding (6) . The circulating tion, 0.4 ml of the incubation mixture was removed from each erythrocyte provides an easily obtainable homogeneous cell sys-assay tube and layered on an ice cold, biphasic medium containing tem which may reflect insulin binding activity in other tissues not 0.4 ml assay buffer and 0.4 ml dibutyl phthalate. After centrifuordinarily available for survey.
gation for 3 min at 12,000 rpm, 4OC, the supernatant was aspirated and the radioactivity in each cell pellet was determined on a empty configuration (K), and the average affinity for filled sites Packard auto-y scintillation spectrometer at '251-settings.
(Kr) determined from the average affinity profiles are shown in Table 1 .
ADDITIONAL STUDIES
The sex of the newborn and the type of delivery did not significantly influence the binding of insulin to cord blood erythInsulin levels were determined by radioimmunoassay (20) . Glucagon was obtained from Eli Lilly Company and growth hormone was obtained from the National Pituitary Agency. The data were 16 analyzed on a DEC system-I0 computer.
RESULTS
Investigation of the intrassay variability showed an average coefficient of variation of 3.6%. Two or three different samples drawn from four of the adult controls on different days gave an interassay coefficient of variation of 7.5%. Nonspecific binding was defined as the radioactivity that remained bound in the presence of 10,000 ng/ml of unlabeled insulin and was subtracted from all data points. For all samples included in the study, the average nonspecific binding was 1.7 + 0.8% of the total '2"-insulin available.
The percent of '251-insulin bound to cord blood erythrocytes in the absence of cold insulin (Bo) is illustrated as a function of gestational age in Figure 1 . The negative correlation (r = -0.613; P = < 0.001) reflects an apparent decrease in insulin binding with an increase in gestational age. Increasing concentrations of cold insulin resulted in decreased binding of '251-insulin as demonstrated in Figure 2 , whereas the presence of increasing concentrations (1-1000 ng/ml) of glucagon or growth hormone did not inhibit binding of '"I-insulin.
The Scatchard plot (13, 18) of the binding data, Figure 3 , was analyzed for relative numbers of binding sites per cell by extrapolating the last 2 points to the abscissa intercept (R,), converting the moles of insulin bound into number of insulin molecules bound [dividing by the cell concentration, and multiplying by the number of molecules per mole (l).] The results are given in Table  I .
An average affinity constant (K) was calculated (2) 
DISCUSSION
Measurement of insulin binding to erythrocytes provides an easily accessible cell type for assessment of insulin receptors. The decreased blood sample volume required for this assay provides an opportunity for conducting population surveys to define normal insulin binding and to delineate clinical manifestations concomitant with abnormal binding parameters. The survey of cord blood erythrocytes described here corroborates the report of increased insulin binding to cord blood mononuclear leucocytes (1 8) and, in addition, provides evidence that binding to preterm cord blood erythrocytes is higher than binding to term cord blood erythrocytes.
The average nonspecific binding for all samples in this study (1.7% f 0.8) represent a substantial improvement over previously reported values for erythrocyte insulin binding studies (5, 6) . and may be attributed to the repurification of the '2"-insulin label immediately before use in this assay system. The coefficients of variation for both inter-and intrassay variability indicate that this assay system is highly reproducible. The mean percent binding at B, for the 15 normal adults determined in this study (X = 6.6 f 1.7) compares favorably with the mean percent bieding for the I I adults initially reported by Gambhir et al. (6) (X = 7.2 f 1.4) under identical assay conditions. The significant negative correlation between gestational age and insulin binding indicates that the trend during the final trimester of gestation is toward the lower binding observed for adult cells. Comparison of adult and cord blood values verify a significantly increased binding to cord blood erythrocytes. The difference is accentuated when cord blood samples are grouped according to term (738 wk) and preterm (<38 wk) gestational ages.
The binding of insulin (B,) to erythrocytes from term cord bloods is approximately 55% higher than binding to adult erythrocytes. This finding parallels to a lesser extent the 5-fold increase of insulin binding to cord blood mononuclear leucocytes compared to adult mononuclear leucocytes (18) . Although the adult controls were fasting when sampled in both studies, it is doubtful that the increased binding observed with cord blood cells could be explained by increased blood glucose concentrations, because reported modification of insulin receptor binding after oral glucose ingestion (10) is minor compared to the observed differences between fasting adult and cord blood receptors.
The increased binding observed on cord blood erythrocytes may be related to an increase in surface area of the individual cells. The normal mean diameter of adult erythrocytes ranges from 7.2-7.9 y whereas the relatively macrocytic cord blood erythrocytes range from 8.2-8.6 (19) . The surface area of a cord blood erythrocyte is approximately 25% greater than an adult erythrocyte and may account for part of the observed 43% increase in the number of sites per cell. The diameter of a fetal erythrocyte gradually decreases from 10.5 p at 12 wk to 8.5 p at 34 wk (I I) and then remains constant until birth. Cord samples in this study range from 33 wk through term and, therefore, the negative correlation of insulin binding and gestational age should not be a reflection of decreasing cell surface area. The in vivo cell age is decreased in cord blood cells and the greater mobility of the membrane (14) , or another related parameter may also account for part of the increased binding.
The number of sites per erythrocyte determined in this study is several orders of magnitude less than the number reported for other cell types, and is 1.6 x 102 lower than the 2000 sites per erythrocyte reported by Gambhir et al. (5) . Determination of the number of sites per cell is related to the highest concentrations of insulin in the assay system. Thus the difference can be accounted for by the fact that the determination of Gambhir et al. is based on binding in the presence of cold insulin concentrations up to, and including 10,000 ng/ml, whereas specific binding in this study is measured in the range of insulin concentrations up to, and including 100 ng/ml. Considering that insulin concentrations of greater than 100 pU/ml (4.2 ng/ml) exceed normal physiologic levels, it is doubtful that interactions of the receptor with insulin concentrations exceeding 100 ng/ml (1.67 x lo-' M) play an important physiologic role. Reinterpretation of the data of Gambhir el al. excluding insulin concentrations exceeding 100 ng/ml results in less than 100 sites per cell. These figures more closely correspond to the 25 sites per rabbit erythrocyte reported under equilibrium conditions of prolonged incubation at 0°C (16) .
The binding data were analyzed to determine the average affinity constqnts so as to allow comparison between groups (Table  1) . Both the K. and Kr of the preterm erythrocytes are increased compared to adult and term cells. The major differences in binding between adult and term cord blood erythrocytes may be primarily attributed to differences in the number of binding sites per cell. Measurements of binding parameters of preterm cells, however, do show small differences in both afinity and number of sites per cell. The Kf determined for adult and term_cord blood erythrocytes The negative correlation of insulin binding with height and weight may be attributed to the high correlation of these measurements to increasing gestational age. The relationship between these measurements and insulin binding may become more meaningful when larger numbers of samples are reported. The influence of the hematocrit on the insulin binding reaches the highest correlation with term erythrocytes (r = -0.48; P = 0.015). The correlation of hematocrit and insulin binding values for adult and preterm samples are not significant, however, and no conclusions can be drawn on the basis of the data available from this study.
The lack of correlation between plasma insulin and insulin binding to erythrocytes confirms the reported observations on cord blood monocytes (18) . The lack of inhibition by growth hormone and glucagon in this assay system verified previous reports of the lack of crossreactivity of the erythrocyte insulin receptor (6, 16) . Both somatotropin and human chorionic gonadotropin have also been ruled out as possible inhibitors (6), although this does not preclude the possibility that the same receptor may recognize other, as yet unidentified, molecules.
The number of days or months after birth required for the binding to drop to adult levels has not been determined. Agerelated studies of insulin binding for infants are possible using erythrocytes because the data can be obtained from a small sample of blood. B, and nonspecific binding points can be measured on approximately a ml of blood. Data for newborns as well as more samples of preterm cord bloods are necessary to substantiate the negative association between gestational age and insulin binding.
